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Abstract The cryosphere is a prominent factor in and an indicator of global climate change. It serves one of the most direct and
sensitive feedbacks in the climate system, and plays an important role in the earth’s climate system. Cryospheric research has
attracted unprecedented attention in the context of global warming, and is now one of the most active areas in studies of global
change, sustainable development, and the climate system. This paper addresses recent and potential future changes in the cryo-
sphere both globally and within China under the background of global warming. Particular attention is paid to progress toward
understanding the impacts of the Tibetan Plateau and Eurasian snow cover, Arctic and Antarctic sea ice, and permafrost and
glaciers on Chinese climate. The future development of cryospheric research in China is also discussed.
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Frozen Ground: increasing permafrost tempera-
tures by up to 2°C and active layer thickness by up
to 90 cm since early 1980s. In the NH, southern limit
of permafrost moving north since mid 1970s, and
decreasing thickness of seasonal frozen ground by 32
cm since 1930s.

Snow cover: between 1967 and 2012, satellite data show
decreases through the year, with largest decreases (53%)
in June. Most stations report decreases in now especially
in spring.

Lake and river ice: contracting winterice duration with
delays in autumn freeze-up proceeding more slowly than
advances in spring break-up, with evidence of recent
acceleration in both across the NH.

Glaciers: are major contributors to sea level rise. Ice mass
loss from glaciers has increased since the 1960s. Loss
rates from glaciers outside Greenland and Antarctica
were 0.76 mm yr' SLE during the 1993 to 2009 period
and 0.83 mm yr' SLE over the 2005 to 2009 period.

Changes in the Cryosphere

rozen Ground “ﬁ,

Contribution of Glaciers and Ice Sheets to Sea Level Change

Ice Sheet

Ssailce Icehelf ’

Sea Ice: between 1979 and 2012, Arctic sea
ice extent declined at a rate of 3.8% per
decade with larger losses in summer and autumn.

Over the same period, the extent of thick multiyear
ice in the Arctic declined at a higher rate of 13.5% per
decade. Mean sea ice thickness decreased by 1.3 -
2.3 m between 1980 and 2008.

Ice Shelves and ice tongues: continuing retreat and
collapse of ice shelves along the Antarctic Peninsula.
Progressive thinning of some other ice shelves/ice
tongues in Antarctica and Greenland.

Ice Sheets: both Greenland and Antarctic ice sheets
lost mass and contributed to sea level change over the
last 20 years. Rate of total loss and discharge from
a number of major outlet glaciers in Antarctica and
Greenland increased over this period.
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Fig.2 Changes in the mass balance of selected glaciers

over recent decades (Qin, et al, 2012)
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Fig. 3 Spatial distributions of the leading singular value
decomposition modes of (a) springtime Eurasian snow
water equivalent (SWE) and (b) summertime rainfall

at stations in China and (¢) normalized time series
of spring Eurasian SWE (solid line) and summer

rainfall in China (dashed line) (Wu, et al, 2009a)
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Fig. 4 Schematic diagram illustrating how reduced Arctic sea ice affects winter surface

air temperature (SAT) and precipitation in Eurasia

(Arrows show the typical locations of anomalous anticyclonic and cyclonic circulations in the lower troposphere

associated with the negative phase of the tripole wind pattern; the brown line represents an isoline of

geopotential height at 500 hPa; the yellow and green areas indicate decreases and increases in precipitation,

espectively, while the red and purple areas indicate positive and negative SAT anomalies; Wu, et al, 2013a)
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